n , where C n is the cell density of each strain after n cycles of phototaxis-assisted screening; C 0 is the initial cell density of each strain before phototaxis-assisted screening (set to 1 × 10 8 ); R a is the ratio of cell number arrived within 10 min to total cell number in the wild type (set to 0.3); R p is the ratio between cell number arrived within 10 min in each mutant and the wild type (set to 2, 1, 0.5 and 0.1 for 4 mutants). The inset shows the population dynamics of each strain in the mixture of these strains according to number of screening cycle. The proportion of each mutant in the population was obtained from (c). Because the cell number arrived within 10 min depends on the rate of phototaxis (a,b), the population of strains showing fast responses increases as the number of screening cycle increases (c inset). (d) Simplified model showing growth curves for mixtures of five strains after different number of screening cycle. The cell density of each mutant mixture after n cycles of screening was calculated using a modified Gompertz function 40 , C n = C 0 exp[A·exp{−exp(µ max ·e·(λ−t)/A + 1)}]. The model assumes that the µ max of strain mixture is average µ max of strains (set to 2, 1.5, 1, 0.5 and 0.1), weighted by the proportion of each strain in the population after each cycle of phototaxis-assisted screening (c). A is the ratio of the final cell density of strain to the initial cell density (ln(C f /C 0 )) after each cycle, which has the same meaning as the fitness of strain (set to 6.4, 6.55, 6.68 and 6.8 for 0, 1, 3 and 5 cycle based on the relatively high fitness of strains exhibiting fast phototactic responses). Supplementary Figure S8 . Fatty acid production in two mutants (PTS23, PTS42) compared to the wild-type strain. Cells were grown photoautotrophically for 4 days in a CO2 incubator at 5% CO2 in TP medium under continuous low light condition (50 μmol photons m -2 s -1 ), and then incubated in TP(-N) media in a CO2 incubator at 5% CO2 for 4 days for lipid accumulation. All data and error bars are mean ± SD of three biological replicates. Figure S9 . Genomic DNA analysis of selected PTS (phototaxis-screening) mutants. (a) Southern blot analysis of genomic DNA from five selected PTS mutants (PTS23, 26, 42, 66, 69) . Genomic DNA was digested with PstI (PTS23, 42, 66) or PstI & NsiI (PTS26, 69). The 3′ region of the aph7″ coding sequence was used as a probe. M: Dig-labelled DNA molecular weight marker III (Roche), WT: wild type (CC125). Each number denotes the number of PTS mutants. (b) PCR analysis of insertion site in the genomic DNA of PTS mutants. PCR was carried out using specific primers (Supplementary Table S1 ) targeting flanking sequences on both sides of the marker gene, and amplified product was sequenced. M: GeneRuler 1 kb DNA ladder (Fermentas), WT: wild type (CC125). Each number denotes the number of PTS mutants. 42: PCR product using primers (42R, UP2). The arrow indicates specific amplified product of the mutant. Due to the concatameric insertion of selection marker gene, one additional integration site in PTS42 and one of both flanking sequences in PTS69 were not identified. 
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